topics as diverse as development, pheromonal communication and meiosis. The overall theme of these studies remains the evolution of cooperation and conflict. The same logic can be used while studying the fate of paternally-and maternallyinherited genes during meiosis in Caenorhabditis elegans or the partitioning of reproduction in a wasp society. After all, this all has to do with tricks (be it at the cellular or organismic level) that evolved as a means to increase the transmission rate of genes over evolutionary time. An evolutionary perspective provides you with tools to understand many oddities that are found at the molecular, cellular and organismal levels.
Is it not dangerous to have so many interests?
Yes and no. If you have many interests, there is of course the risk of not fully mastering any of the subjects you work on. To do good work, you thus have to associate with knowledgeable colleagues and good students. I believe that I have been lucky on both accounts. I also have been lucky to almost always keep excellent relationships with previous collaborators and students, which has helped immensely when I've needed advice in fields where I have limited expertise.
It seems that many of your students have been successful in science... Yes, most of my graduate students and postdocs are still in academia, and more than 20 of them currently hold permanent positions. I like to believe that their high success indicates that I provided them with an environment favourable for their scientific development. Now it has become almost a rule that my students, by the time they finish their PhD, are more competent than me in their field of research.
Is that not a bit disturbing?
Not at all. Rather, I would think that it suggests I have been a good mentor, allowing students to develop their own line of research. Also, the wide range of interests in our group implies a lot of interdisciplinary work with people having very different backgrounds. The lab currently hosts students with backgrounds in molecular biology, ecology, ethology, computer science, bioinformatics, physics, and engineering. This diversity is very enriching and allows for many collaborations among group members.
What advice would you give to young scientists? More than anything, I would stress the importance of being critical of what you have been taught, and open to unexpected results. This can be illustrated by some recent discoveries in our lab on unusual modes of reproduction in ants. We found two ant species where workers are produced by sexual reproduction, while queens are all produced clonally from their mother and males clonally from their father. The funny thing about this system is that there is no longer any gene flow between the male and female gene pools, because their genes come together only in sterile workers. Other labs had similar data, but did not publish them because they did not make sense in light of what you find in textbooks (for example, queens produce sons that have none of her alleles at the microsatellite loci genotyped). I believe that this example unfortunately illustrates a common situation in science. Scientists have become too specialized and blind to potentially important findings if such findings do not fit their line of enquiry. Interesting scientific discoveries frequently do arise, however, from serendipitous findings. The important challenge is to be able to exploit unexpected results. Unfortunately, our current education systems do not sufficiently value originality and curiosity, the best example being provided by many funding agencies where of prime importance is the feasibility of the proposed studies rather than novelty of the work or the track record of the applicants (which is by far the best predictor of the quality of the work to be done). This is a real pity, especially for young scientists whose brains and energy are unfortunately too often devoted to get grants, have papers published in high profile journals and fit the too many requirements of their institutions to get tenured instead of conducting really risky and innovative research.
Phagocytosis Roberto J. Botelho 1 and Sergio Grinstein 2
Phagocytosis is defined as the receptor-mediated engulfment of large (≥0.5 mm) particles into plasma membrane-derived vacuoles called phagosomes. Following scission from the plasma membrane, the phagosomes undergo a maturation process, sequentially fusing with endosomes and lysosomes, ultimately becoming phagolysosomes -highly acidic and hydrolase-rich organelles that degrade the internalized particles. This brief description is a gross oversimplification of a highly complex and precisely choreographed process. Indeed, phagosome formation and maturation have emerged as paradigms to investigate many key questions in cell biology, including signal transduction, cytoskeletal remodeling, membrane dynamics and trafficking, and even gene expression.
In higher metazoans, phagocytosis plays a central role in tissue maintenance and remodeling, by removing billions of apoptotic bodies and cellular debris that form daily. A striking example is provided by the specialized retinal epithelial cells that enable normal vision by clearing senescent fragments shed by photoreceptor cells. However, the truly professional phagocytes are cells of the innate immune system, such as the haemocytes of insects, and the macrophages, neutrophils and dendritic cells of mammals. The professional phagocytes of vertebrates not only hunt, engulf and kill pathogens, but also help to coordinate the adaptive immune response by presenting antigens to lymphoid cells.
Phagocytosis begins when specialized receptors engage cognate ligands on the target particle. Some phagocytic receptors recognize determinants inherent to the particle; mannose receptors and dectin-1, which bind microbial polysaccharides, belong to this category. Others interact with host serum factors (opsonins) that deposit on the surface of the invading particles. Opsonic receptors are Primer typified by complement receptor 3 (CR3) and Fcg receptors (FcgRs) that associate with complement fragment iC3b and with immunoglobulin G (IgG), respectively. Receptor-ligand engagement triggers an intricate signaling network responsible for cytoskeletal and membrane remodeling that culminates in particle engulfment. Of note, the signals elicited and the mechanical events leading to internalization of the target are not the same for every receptor. As such, phagocytosis is a crude term that encompasses many molecularly distinct processes that share some gross phenotypic similarities. For this Primer we will focus on phagocytosis mediated by Fcg receptors, arguably the best understood system.
Receptor clustering and early signaling
In some instances, phagocytes are directed to their targets by chemoattractants. However, phagocyte-mediated engagement of inert particles, which do not emit attractants, was thought to result from chance encounters, a consequence of two objects 'bumping into each other'. This would seem to be a dangerously inefficient process, considering that phagocytic receptors like FcgRs display comparatively low affinity for their ligands, requiring simultaneous engagement of multiple receptors to securely capture a particle.
Indeed, instead of relying on random Brownian collisions, it now appears that macrophages actively probe their microenvironment for particulate targets by flinging out highly dynamic membrane extensions ( Figure 1 ). This constitutive flailing is akin to the membrane ruffling that dendritic cells undergo when sampling their environment for soluble antigens. In macrophages, impeding the formation of membrane tentacles by perturbing the actin cytoskeleton greatly reduces particle-binding efficiency. The Rac GTPase, phosphatidylinositol-4,5-bisphosphate (PtdIns(4,5)P 2 ) and phosphatidylinositol-3,4,5trisphosphate (PtdIns(3,4,5)P 3 ) are all required to maintain the highly dynamic nature of the actin cytoskeleton, supporting the formation of membrane protrusions and, consequently, particle capture.
Although particles can be secured onto the phagocyte surface by receptors distant from each other, signaling will commence only when multiple receptors converge in one region ( Figure 1 ). Receptors are thought to cluster around vicinal ligands on the surface of the multivalent particles by diffusing in the plane of the membrane. Indeed, a fraction of FcgRs exhibit rapid lateral diffusion in the macrophage membrane. Others are confined, but even these retain mobility within the confinement zone. It may well be easier to cluster receptors co-confined within one region, in the way that it is easier to simultaneously rope multiple horses fenced within the same corral. Remarkably, we still do not precisely understand how receptor clustering induces signaling. It has been proposed that grouping FcgRs together enables them to enter or associate with lipid microdomains (rafts) where downstream signaling elements (e.g. Src-family kinases) reside. However, this theory is not universally accepted because mutations that preclude partition of the receptors into rafts fail to prevent signaling. Rac, Cdc42, PtdIns(4,5)P 2 Figure 1 . Four major stages during phagosome formation. i) During 'probing', membrane extensions enriched in phagocytic receptors (blue) flail about in an actin-dependent manner, enhancing the likelihood of particle contact and receptor-ligand engagement. ii) During 'early signaling and cup formation', receptors cluster underneath the target particle, igniting a burst of tyrosine kinase activity that culminates in the recruitment of additional protein kinases, lipid kinases, adaptor proteins and GEFs that stimulate remodeling of the underlying actin skeleton. iii) During 'pseudopod extension', coordinated activation of lipid-modifying enzymes and an assortment of GTPases leads to a concerted assembly of highly dynamic actin filaments that drive the growth of membrane pseudopods to encircle the attached prey; localized secretion of endomembrane vesicles (yellow) provides extra area for membrane extension. iv) Lastly, during 'phagosome closure', the tips of the pseudopods meet and fuse, detaching the phagosome from the surface membrane. This is accompanied by signal abatement mediated by various lipid and protein phosphatases, as well as GAPs. The gray boxes provide a representative, but incomplete list of molecular regulators important for each stage of phagocytosis.
Regardless of whether or not raft association is involved, Src-family kinases are activated upon receptor clustering and phosphorylate two tyrosines in the immunoreceptor tyrosine-based activation motif (ITAM) found in the cytoplasmic domain of stimulatory FcgRs. The ITAM phospho-tyrosines then act as docking sites for Src homology 2 (SH2) domain-containing proteins such as the Syk tyrosine kinase. Activated Src-family kinases and Syk recruit a variety of adaptor and scaffolding proteins, including CrkII, Gab2 and SLP-76, that link and expand the signaling network by providing additional docking nodes. Gab2, for example, couples protein tyrosine phosphorylation with lipid signaling.
Localized lipid metabolism modifies the 'phagocytic cup', the region of the surface membrane that curves around the target particle, altering its biophysical properties and contributing to the recruitment of downstream effectors. Phosphoinositides are particularly well suited as second messengersthere are seven phosphoinositide species that can be interconverted through the action of unique kinases and phosphatases that are responsive to upstream signals. PtdIns(4,5)P 2 is predominantly found in the plasma membrane and is a major determinant of the structure and dynamics of the actin cytoskeleton.
Interestingly, PtdIns(4,5)P 2 undergoes a biphasic change at the phagocytic cup: there is an initial accumulation, followed by its elimination from the nascent phagosome, which is apparent even prior to scission from the plasma membrane. PtdIns(4,5)P 2 synthesis likely spurs actin polymerization (see below) and is mediated by type I phosphatidylinositol phosphate kinases (PIPKIs). Conversely, the subsequent loss of PtdIns(4,5)P 2 causes detachment of submembranous actin. This loss is mediated by four different mechanisms. First, synthesis ceases abruptly because PIPKIs detach from the forming phagosomes; detachment of the PIPKIs, which bind to the membrane electrostatically, is attributed to a sudden drop in the surface charge of the plasmalemmal inner leaflet.
Second, phospholipase C (PLC) hydrolyzes PtdIns(4,5)P 2 into diacylglycerol and inositol-1,4,5trisphosphate, which are important for ancillary processes, including the inflammatory response. Third, class I PtdIns 3-kinases (PI3Ks) convert PtdIns(4,5)P 2 into PtdIns(3,4,5)P 3 , a key signal for phagosome development. The marked, but short-lived burst of PtdIns(3,4,5)P 3 recorded during phagocytosis recruits protein kinases, adaptor proteins and guanine nucleotide exchange factors (GEFs) to activate small GTPases. Lastly, emerging evidence suggests that phosphatidylinositol 5-phosphatases also contribute to the elimination of PtdIns(4,5)P 2 from sealing phagosomes.
Pseudopod extension
Engulfment of IgG-coated targets requires the phagocyte to extend pseudopods that wrap around the particles (Figure 1) . Pseudopod extension appears to occur in two phases: an initial event that is sufficient for the internalization of small (≤1 mm) particles and is independent of PI3K activity, and a second phase that is essential to complete the ingestion of larger particles and requires formation of PtdIns(3,4,5)P 3 . Pseudopod extension is propelled by polymerization of actin into filaments that press against the membrane and requires coordinated nucleation, growth, bundling and branching of filaments. Not surprisingly, a host of actin modulators have been implicated in the completion of phagocytosis. Amongst these, small GTPases of the Rho family are particularly important: Cdc42, Rac1 and Rac2 are key for FcgR-mediated phagocytosis. Cdc42 is activated first, followed by Rac1 and subsequently Rac2. These GTPases function as molecular switches to activate WASP/N-WASP and the Scar/WAVE family proteins, which in turn stimulate Arp2/3, a multi-protein complex that nucleates actin, generating branched filaments. Actin polymerization can also be initiated by ADF/cofilin. By severing pre-existing actin filaments, ADF/cofilin increases the number of barbed ends, unmasking sites where actin polymerization can become activated during phagocytosis.
Pseudopod extension is accompanied by -and likely requires -insertion of endomembranes into the surface membrane, in order to accommodate the incoming particle(s). Indeed, recycling endosomes bearing the SNARE protein VAMP3 and late endosomes bearing the SNARE VAMP7 are secreted locally at sites of phagocytosis. GTPases of the Rab and Arf families, particularly Rab11 and Arf6, underlie these focal exocytosis events.
Phagosome closure and termination of signaling
Phagocytosis is completed when pseudopods reach the apex of the particle and contract in a purse-string fashion, severing the newly formed vacuole from the surface membrane. Surprisingly little is known about the actual process of membrane fusion that leads to phagosome closure. Contractile proteins, including myosin X and perhaps also myosin II, likely bring the converging pseudopods together. It is also conceivable that BAR-domain-containing proteins -like sorting nexins or amphiphysin -confer sharp curvature to the advancing edges of the pseudopod, and that cone-shaped lipids like phosphatidic acid may add to the curvature to foster membrane fusion.
While the fusion process remains mysterious, it is clear that completion of phagocytosis requires termination of some of the initiating events. In particular, we know that actin polymerized during the early stages of cup formation and pseudopod extension must disassemble before scission occurs. This occurs, in part, as a result of termination of stimulatory signaling. The phosphotyrosine residues generated upon receptor stimulation are dephosphorylated by the protein tyrosine phosphatase SHP and likely other phosphatases as well, while PtdIns(3,4,5)P 3 is eliminated by the phosphatidylinositol 5-phosphatase SHIP and possibly also by PTEN, a phosphatidylinositol 3-phosphatase. In addition, it is most likely -though presently unproven -that Rho-family GTPase-activating proteins (GAPs) are recruited to terminate Rac and Cdc42 signaling. Together, these reactions bring about a cessation of actin polymerization, but do not explain how the filaments assembled during phagocytosis dissociate acutely. The dissociation reactions, which leave little detectable actin around the sealing phagosome, remain virtually unexplored.
Phagosome maturation
After detachment from the plasmalemma, phagosomes undergo a programmed change in identity: they metamorphose from a vacuole resembling the plasma membrane into an early-endosome-like organelle, followed by a late-endosome-like stage and culminating with conversion into a lysosome-like organelle -the phagolysosome (Figure 2 ). As they evolve, phagosomes become progressively more inhospitable, acquiring microbicidal and degradative properties. Ingested pathogens are not only killed, but are digested, generating peptides that can be loaded onto class II major histocompatibility complexes (MHC-II) for antigen presentation to cells of the adaptive immune system.
Phagosome maturation occurs through a highly coordinated series of membrane fission and fusion events with endosomes, lysosomes and possibly other endomembrane organelles. Consequently, maturation depends on regulators of vesicular traffic, like the Rab GTPases, SNARE proteins and fission complexes.
Early phagosome maturation
The signal(s) that initiate phagosome maturation remain unknown but are likely generated in response to FcgR or other receptor signaling prior to scission from the plasma membrane. Potential signals that target the phagosome for fusion with endosomes include the removal of PtdIns(4,5)P 2 from its inner leaflet, which is accompanied by a drastic drop in its negative surface charge, or possibly recruitment of the GTPase Rab5, although acquisition of the latter may be a consequence, and not the cause, of the fusion event.
Indeed, early phagosomes are characterized by the presence of Rab5, a key modulator of early endosome function. Active (GTP-bound) Rab5 recruits a variety of effector proteins, including Vps34, the class III PI3K. Vps34 in turn i) The membrane and the lumen of the nascent phagosome resemble the plasma membrane and the extracellular milieu, respectively. However, even at this young stage, the phagosomal membrane has a few notable differences compared with the plasma membrane, particularly the depletion of PtdIns(4,5)P2 and actin. ii) At the early phagosome stage, phagosomes acquire many of the molecular markers of early endosomes and a mildly acidic lumen. iii) Subsequently, phagosomes divest themselves of early endosomal markers and transition into a late endosome-like organelle, with a more acidic lumen. iv) Lastly, phagosomes mature into phagolysosomes; these are highly acidic and hydrolase-rich organelles that degrade the internalized particle. The boxes list key molecular regulators or enzymatic activities important for each stage of maturation.
generates PtdIns(3)P, a signaling lipid that is specifically recognized by proteins bearing FYVE or PX domains, such as sorting nexins, Hrs and p40phox. EEA1, a tethering protein that contains one such FYVE domain, also associates directly with active Rab5. The ability to recognize two distinct determinants, and the fact that it exists in a homodimeric form, confer on EEA1 a unique ability to bridge phagosomes with early endosomes, facilitating their fusion.
Another important protein recruited to the phagosome by active Rab5 is Mon1. Recent work revealed that Mon1 in turn attracts Ccz1 and that the resulting Rab5-Mon1-Ccz1 complex can recruit Rab7, by dislodging the inactive GTPase from its complex with the GDP-dissociation inhibitor (GDI). By attracting Rab7, the Mon1-Ccz1 complex plays a key role in the conversion of early phagosomes to late phagosomes.
Other Rab-family members are also present in early phagosomes, although their function is less clear. Rab4 and Rab11 in all likelihood contribute to fission and recycling of early phagosomal components, while Rab23 may play functions analogous to those of Rab5.
Late phagosome maturation
Early phagosomes eventually divest themselves of early markers like Rab5, PtdIns(3)P and EEA1, as they acquire the hallmarks of late endosomes. As mentioned, acquisition of Rab7 marks this transition. Importantly, the Mon1-Ccz1 complex acts as a GDI-displacement factor (GDF), thereby recruiting the inactive (GDP-bound) form of Rab7 to the phagosome. Exchange of GDP for GTP is then required to activate Rab7. To date, the putative Rab7 guanine nucleotide-exchange factor (GEF) remains enigmatic. However, the HOPS (homotypic fusion and protein sorting) complex is an attractive candidate. This complex consists of four proteins (Vps11, Vps16, Vps18, and Vps33) that are homologous to Vps class C proteins of yeast, plus two accessory subunits, Vps39 and Vps41. In yeast Vps39 acts as a Rab7 GEF and is likely to serve a similar function in metazoans. Thus, when coupled together, Rab5-Mon1-Ccz1 and the HOPS complex can fully account for the transition of phagosomes from a Rab5-GTP stage to a Rab7-GTP stage.
In addition to -and possibly as a consequence of -the recruitment of Rab7-GTP, the late endosomes acquire a variety of transmembrane proteins and lipids typical of late endosomes/lysosomes, such as LAMP1 and lysobisphosphatidic acid. They also accumulate V-ATPases, active proton pumps that accentuate the acidification of their luminal contents. The means by which Rab7 facilitates the maturation of phagosomes is not very clear. The active form of the GTPase recruits the protein RILP and ORP1L to phagosomes, where they act as adaptors for dynein, a microtubule-associated motor protein. Dynein, which travels towards the minus end of microtubules, propels phagosomes centripetally towards the microtubule-organizing center, where late endosomes/lysosomes that are themselves endowed with Rab7, RILP and dynein frequently accumulate. By bringing the partners of the reaction together, Rab7 and its effectors may favor their fusion.
Phagolysosomes
Ultimately, late endosomal markers such as lysobisphosphatidic acid and mannose-6-phosphate receptors are removed from the phagosome as they are converted into phagolysosomes. The molecular mechanism underlying this final transition is far from understood. The phagolysosomal lumen is not only very acidic (pH <5), but it is also rich in degradative enzymes. A plethora of hydrolases, including proteases such as cathepsins, as well as nucleases, lipases and glycosidases, are enriched and active within the phagolysosome. The ability of phagolysosomes to destroy ingested particles is aided by its oxidative lumen, by the presence of cationic peptides that permeabilize bacterial membranes, and by molecules like lactoferrin that scavenge factors essential for microbial survival.
Surprisingly, the resolution of phagolysosomes is a poorly appreciated process, in part because indigestible particles like latex beads have been used (and perhaps abused) as model targets. However, it is apparent that, as pathogens and apoptotic bodies are degraded, phagosomes decrease in size, undergo fragmentation and eventually disappear, perhaps by merging with other membrane pools (lysosomes?). This aspect of the life cycle of the phagosome remains virtually unexplored.
Phagocytosis, phagosome maturation and disease
Understanding phagocytosis is not purely an academic pursuit; derangement of the phagocytic process can have life-threatening consequences. Inappropriate clearance of apoptotic bodies can give rise to autoimmune disorders, while failure to ingest or kill pathogens can result in deadly infections. This vulnerability has been exploited by a terrifying variety of pathogens that have evolved means of interfering with phagosome formation or with its maturation. Thus, some bacteria secrete toxins that impair the GTPases that drive pseudopod extension and phagosome closure, while others preclude phagolysosome formation. Multiple strategies have been implemented to evade killing by phagolysosomes: some pathogens, like Mycobacterium tuberculosis, arrest maturation at the early phagosome stage, while others, such as Salmonella spp., arrest at a late-phagosome-like stage, yet fail to merge with lysosomes. Another group, typified by Legionella and Chlamydia, divert maturation away from the endocytic pathway, while yet other, more impatient species like Listeria and Shigella simply break out of phagosomes into the cytosol! The microbes accomplish these remarkable feats most often by co-opting the cellular machinery, activating host cell kinases or phosphatases, redirecting Rab-or Rho-family GTPases, engaging cellular motors, and by a variety of other creative means. As such, analysis of the mode of action of pathogens can be very instructive of the cell biology of the host cells. Rather than being a source of despair, the resourcefulness and subterfuge that took the pathogens millions of years to develop should provide inspiration and directions for future research.
In closing, it is worth reiterating that phagocytosis is not one event, but a collection of phenotypically related, yet distinct processes. All are complex, multi-step phenomena, likely to differ mechanistically, and therefore worthy of study individually. durations (normalized to each subject's baseline condition, then averaged over subjects) for five contiguous three-minute sessions (see Figure S1 in the Supplemental Information for raw data). Immediately after eye-patch removal, phase durations of the deprived-eye pattern increased by 53%, while those of the non-deprived eye decreased by 24%, a two-fold difference between eyes (the effect was larger when patching the preferred than the non-preferred eye by factors of 2.6 versus 1.7). The difference in phase duration between the two eyes decayed steadily over time, but remained significant 15 minutes after eye-patch removal (paired t-test, n = 11, a = 0.025, p < 0.01). Despite the strong bias towards the deprived eye, observers reported that the quality of binocular rivalry did not change after deprivation, with continued alternations between the two monocular images, with almost no periods of fused images. Figure 1C shows the average instantaneous probability of seeing the deprived-eye stimulus, as a function of elapsed time, averaged over all subjects and sessions and smoothed with a Gaussian window of time constant of one second. Monocular deprivation biased the trace consistently towards the deprived eye. The initial percept of each testing session (a sensitive parameter of rivalry [5]) was most strongly biased: in the first session the deprived eye prevailed in 93% of first-phases, remaining at 78% after 15 minutes. Even after 90 minutes, the bias towards the deprived eye remained significant (64%: sign test, n = 49, a = 0.025, p < 0.001). After deprivation, gratings viewed by the deprived eye appeared of higher contrast than those by the non-deprived eye, by a factor of 1.36 (on average), but detection thresholds were virtually unaffected. The increase in apparent contrast is qualitatively consistent with the relatively shorter binocular phase periods to the non-deprived eye (Levelt's second law), but the amount of increase is quantitatively insufficient to explain the imbalance in rivalry (see Figure S2 in the Supplemental Information).
Within a specific critical period, mammalian visual cortex is highly vulnerable to visual experience, but thought to show little plasticity after closure of this period [3]. However, a Brief periods of monocular deprivation disrupt ocular balance in human adult visual cortex Claudia Lunghi 1,2 , David C. Burr 1,2,3,5 , and Concetta Morrone 4,5
Neuroplasticity is a fundamental property of the developing mammalian visual system, with residual potential in adult human cortex [1] . A short period of abnormal visual experience (such as occlusion of one eye) before closure of the critical period has dramatic and permanent neural consequences, reshaping visual cortical organization in favour of the non-deprived eye [2, 3] . We used binocular rivalry [4] -a sensitive probe of neural competition -to demonstrate that adult human visual cortex retains a surprisingly high degree of neural plasticity, with important perceptual consequences. We report that 150 minutes of monocular deprivation strongly affects the dynamics of binocular rivalry, unexpectedly causing the deprived eye to prevail in conscious perception twice as much as the non-deprived eye, with significant effects for up to 90 minutes. Apparent contrast of stimuli presented to the deprived eye was also increased, suggesting that the deprivation acts by up-regulation of cortical gain-control mechanisms of the deprived eye. The results suggest that adult visual cortex retains a good deal of plasticity that could be important in reaction to sensory loss.
Seven observers each wore a translucent eye-patch on one eye for 150 minutes, then viewed a dichoptic binocular-rivalry display with horizontal grating patches presented to one eye and vertical to the other (Figure 1A) , reporting by continuous key-press which pattern they perceived. Figure 1B shows the effect of monocular deprivation on the phase durations during rivalry, separately for the deprived (black symbols) and non-deprived (orange symbols) eyes. The bars show the mean phase Correspondence
